Abstract-This paper describes a power amplifier system for testing of distance relay operating characteristic. This power amplifier is based on two three phase inverters with a neutral wire. The output power currents and voltages are controlled by a sliding mode controller. A developed matlab/simulink digital simulator generates the test signals. This test signals are converted in current and voltage references using a microcontroller to connect the digital simulator to the power converter amplifier. Experimental results from a laboratory prototype are presented and discussed.
I. INTRODUCTION
One of the most important issues on power system network at the present is the service quality. The major aspect to consider is perhaps to guarantee the service continuity on transmission power lines. Therefore, fault location has significant importance, and so, distance relays are fundamental device on the power transmission system [1] .
To ensure that distance relays will have a proper operation their operating characteristics should be tested. The primary purpose of all protection system tests is to ensure that the relays will perform with the required speed, sensitivity, and security for a particular application or group of applications. The need to make this determination varies widely, depending on the circumstances.
There are several test methods for distance relays. One of the traditional ways is tracing the operating characteristic in a commonly used steady-state test [2] . This test type is made by applying ac phasor quantities at the inputs of the protective relay. The voltages slowly changes while are keep constant. Another possibility is slowly changing the currents keeping the voltages constant until the operating boundary at a given angle is found. However, it is well known that the dynamic characteristic of a distance relay is different from steadystate characteristic [3, 4, 5] . Therefore, dynamic tests are normally used in test protection [2, 6, 7, 8, 9, 10] . For this type of tests it is normally used signals of natural power system frequency to the relay. However, the signals are switched from one state to another to simulate various power system states, such as prefault, fault, and post-fault. However, in a real power system, there would be associated nonfundamental frequency transients that are not represented in these signals. Therefore, transient tests are also performed for testing a distance relay [11, 12, 13] . In this type of tests, the test signals accurately represent the signals applied to the relay during a power system II. THE TESTING SYSTEM OF DISTANCE RELAY OPERATING CHARACTERISTIC
The testing system of distance relay consists in computer equipment, controller I/0 interface and power amplifiers (Figure 1 ). In the computer equipment there is a simulator that provides several choices for the fault type. According the fault type it is generated the test signals that are converted in current and voltages references for the power amplifiers controllers. This is done using a microcontroller to connect the digital simulator to the power amplifiers. 
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The simulator inside the computer equipment it was developed in Matlab/Simulink allowing for testing and also evaluates the distance relay operating characteristic. This program communicates with a microcontroller in a bi-directional way. This allows to send information for the power amplifiers and at the same time to receive information from the protection relay. The dynamic behavior of the voltage amplifier is described by the following simplified state-space model (using the displayed state variables): III. MODELING THE POWER AMPLIFIER SYSTEM The power amplifier system is composed by a current and voltage amplifier as presented in Fig. 2 . The current amplifier is composed by a four wire three phase inverter with an output inductor filter. The voltage amplifier is composed by a four wire three phase inverter and an output LC filter. where Yk represent the states of the switches of the th inverter leg, defined as (2) . To design a robust feedback loop for the current and voltage amplifiers, independent of power supply, semiconductors, and load parameters, variable-structure control is the technique of choice, since it is well adapted to the intrinsic variable structure of power converters [14, 15] . In particular, sliding-mode control techniques will be used.
For The control law is chosen as (5) and the relation (6) must be ensured.
IV. EXPERIMENTAL RESULTS
A laboratory prototype of the power amplifier system for testing of distance relay operating characteristic was developed. Fig. 3 In the computer there is a digital simulator of different fault types. The digital simulator was developed in Matlab/Simulink and generates the test signals for a microcontroller that convert in current and voltage references of the power converter amplifier. This system allows a steady state and dynamic testing of the relays. Fig. 4 shows one of the options of the program developed in Matlab/Simulink. In this option it is possible to define the amplitudes and angles of the voltage and currents that the power amplifier will apply to the relay. In figure 8 it is presented the current reference and the correspondent output line current. As can be seen, the output current of the power converter amplifier follows the current reference. Again, it is possible to verify that the current amplifier follows the current reference. V. CONCLUSIONS In this paper it was presented a power amplifier system for testing of distance relay operating characteristic. This testing system consists in computer equipment, controller I/0 interface and power amplifiers. The power amplifier is based on two three phase inverters with a neutral wire. 
